Single-crystal X-ray study T = 180 K Mean '(C±C) = 0.018 A Ê H-atom completeness 92% Disorder in solvent or counterion R factor = 0.039 wR factor = 0.083 Data-to-parameter ratio = 14.1
The structure of the title compound, tris(hydroxonium) " 12 -phosphato-tetracosa-" 2 -oxo-dodecaoxododecatungsten hexakis(benzo-15-crown-5)±methanol±water (1/1/1), (H 3 + sandwich-type moieties contain a large number of short OÁ Á ÁO close contacts, suggesting strong hydrogen bonding within them.
Comment
Although the ®rst polyoxometalates were reported almost 200 years ago, only recent advances in X-ray crystallography and analytical techniques have allowed a full structural characterization of such metal±oxygen clusters. The increasing interest behind these complexes relates to the multitude of possible different structures, and to their applications in medicine, catalysis, electrical conductivity, sorption, non-linear optical and magnetic materials, liquid crystals and photosensitive materials (Pope & Mu È ller, 1994 , 2001 Mu È ller et al., 1998, and references therein; Pope, 1983) . Crown ether molecules have been widely used in supramolecular chemistry, either acting as hosts in molecular recognition events by selectively choosing the guest species, or conferring interesting catalytic or chemical transportation properties on the ®nal compounds (Lu et al., 1997; Neier et al., 1995; Lehn, 1988) .In particular, it is well known that crown ethers can stabilize water molecules or oxonium ions through hydrogen bonding, signi®cantly increasing the quality and stability of the crystals (You et al., 2002; You, Wang, Zhang et al., 2000; You, Wang, He et al., 2000; Nagano, 1979) .
Following our recent research on the synthesis and structural characterization of novel hybrid compounds containing -Keggin-type polyoxometalates and lanthanide coordination , respectively (Table 1 ). The WÐO bonds can be further divided into several groups according to the different type of O atoms, all within the usual range of values found in related compounds (Table 1) A view of the structure of the [PW 12 O 40 ] 3À anion in the title compound, showing the labelling scheme for all atoms. Displacement ellipsoids are drawn at the 30% probability level in this and the other ®gures.
Figure 3
A view of the intermolecular OÁ Á ÁO contacts (dashed lines) between the O2W hydroxonium ion and the two adjacent benzo-15-crown-5 molecules.
Figure 2
A view of the intermolecular OÁ Á ÁO contacts (dashed lines) between the O1W hydroxonium ion and the two adjacent benzo-15-crown-5 molecules. For OÁ Á ÁO distances, see Table 2 .
Figure 4
A view of the intermolecular OÁ Á ÁO contacts (dashed lines) between the O3W hydroxonium ion and the two adjacent benzo-15-crown-5 molecules.
atoms, in a coordination geometry closely resembling a regular tetrahedron ( Fig. 1 and Table 1 ). Benzo-15-crown-5 molecules appear in pairs, each pair intercalated by one water molecule, in which only the O atom was successfully located from difference Fourier maps. The large number of close OÁ Á ÁO contacts between these water molecules (O1W, O2W and O3W) and the neighbouring benzo-15-crown-5 molecules suggests the presence of very strong hydrogen bonding within the three sandwich-type moieties (Figs 2, 3 and 4; Table 2 ). Furthermore, in order to balance the anion charge, we believe it is reasonable to consider these water molecules as probable protonation sites, leading to the formation of hydroxonium species H 3 O + . The hydrogen-bonding network is further extended by one OÐHÁ Á ÁO interaction between the methanol molecule and the [PW 12 O 40 ] 3À anion (Table 3 ). The crystal packing is rather complex (Fig. 5) 
Experimental
All chemicals were purchased from Aldrich and used without further puri®cation. A solution of benzo-15-crown-5 (0.13 g, 0.50 mmol) in acetonitrile (ca 10 ml) was added dropwise to a solution of methanol (ca 40 ml) containing H 3 PW 12 All H atoms attached to carbon were included at their idealized positions, and allowed to ride on their parent atoms, with CÐH = 0.95±0.99 A Ê and U iso = 1.2 (for the benzo-15-crown-5 molecules) or 1.5 (for the methanol molecule) times U eq (C). Four water molecules were directly found in difference Fourier maps. O1W, O2W and O3W, the water molecules located in the insterstitial spaces between benzo-15-crown-5 molecules (Figs 2±4), have been successfully re®ned with anisotropic displacement parameters; O4W was found to be affected by disorder and was re®ned with an isotropic displacement parameter. No attempt was made to ®nd or to place geometrically the H atoms on these water molecules.
In order to balance the charge, three H atoms besides those in the four water molecules and in the benzo-15-crown-5 molecules must be included in the formula. The most probable protonation sites are the three strongly hydrogen-bonded O1W, O2W and O3W molecules, forming hydroxonium H 3 O + species (Figs 2±4 and Table 2 ). The C and O atoms of the methanol molecule were re®ned with independent isotropic displacement parameters. The H atom of the OH group was placed geometrically to give the best hydrogen-bonding interactions (Table 3) , with OÐH = 0.84 A Ê .
Several C atoms of the benzo-15-crown-5 molecules were found to be affected by disorder, with anisotropic treatment leading to extended ellipsoids. These atoms (C13, C21±C28, C35, C36, C38, C40, C41, C43, C51 and C52) were re®ned using independent isotropic displacement parameters. The highest peak in the ®nal difference synthesis is 0.87 A Ê from W6, and the deepest hole is 0.85 A Ê from W12. 
Special details
Experimental. All atoms directly located from difference Fourier maps. H-atoms have been placed in calculated positions using HFIX 43 (for aromatic C-H atoms), HFIX 23 for -CH2-, HFIX 147 for -OH and HFIX 33 for -CH3. Four crystallization water molecules could be directly found from difference Fourier maps, but the attached H-atoms are missing. Since three of these molecules must be protonated (H3O+) in order to compensate the crystal charge, and the number of possible hydrogen bonds to neighbouring crown ethers is large, no attempt was made to place these H-atoms in calculated positions. Several C-atoms from the organic molecules were found to be affected by thermal disorder. Anisotropic treatment gave large tensors in more than one direction. Thus, these atoms have been modelled with independent isotropic displacement parameters. Atoms: C21 C22 C23 C24 C25 C26 C27 C28 C35 C36 C36 C38 C39 C40 C41 C43 C13 C51 C52 Geometry. All e.s. are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 0.092 (7) 0.088 (7) 0.060 (6) 0.009 (6) 0.032 (5) 0.011 (5) O48 0.071 (7) 0.108 (9) 0.083 (7) −0.007 (6) 0.020 (5) −0.033 (6) O49 0.070 (7) 0.123 (10) 0.115 (9) 0.029 (6) 0.035 (6) 0.027 (7) O50 0.084 (7) 0.076 (7) 0.079 (7) 0.005 (6 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
2 ) x y z U iso */U eq W1 0.47452 (2) 0.132366 (9) 0.12882 (2) 0.02531 (9) W2 0.63057 (2) 0.119988 (9) 0.01037 (2) 0.02496 (9) W3 0.57495 (2) 0.054338 (9) 0.13060 (2) 0.02393 (9) W4 0.57888 (2) 0.195853 (9) 0.22356 (2) 0
